SINCE the recognition of the fact that the infection of plague is propagated and carried more by rats than by man, the efforts of sanitarians all over the world have been more and more directed to the prevention of this rodentborne infection.
The danger from rats to international public health and the guiding principle for dealing with it were aptly expressed by Dr. Calmette when he submitted the conclusions of a Sub-Committee, who considered the question, to the Office International d'Hygi6ne Publique.
He then stated:-"The embarkation on board a ship of plague-infected rats, coming either from a port infected with plague or from a port where there exists an unsuspected rat epidemic, constitutes the principal danger in the propagation of plague.
"All measures tending to reduce in a permanent fashion the rat population on board ship and in ports either infected with or free from plague and also in land areas exposed to epidemics of plague, should be considered as of a nature to form the most efficacious obstacle of the diffusion of the disease."
Up to a point these principles were recognized by the lnternational Sanitary Convention of 1903, and the destruction of rats on board " infected " ships was made compulsory. The actual wording of Article 21 (6) of this Convention is as follows:
"In the case of plague infected ships . . . the rats on board mu8t be destroyed either before or after discharge of cargo, as quickly as possible, and in any case, within a maximum time of forty-eight hours and so as to avoid damage to merchandise and to ship's plating and engines.
In the case of plague "suspected" ships the destruction of rats on board was merely recommended; but in the case of "healthy " ships, while they had to be given free pratique immediately, the sanitary authority might subject such ships, if from an infected port, to a process intended to secure destruction of rats on board, either before or after the discharge of cargo, although this measure could not be resorted to as a general rule and in no case was it to take longer than twenty-four hours. In thus defining how the de-ratization was to be carried out, the United States went beyond the strict, though perhaps not the logical, interpretation of the convention. Wben they insisted, however, early in 1922, that even the first and second class passenger accommodation of the largest liners should be included in the fumigation, shipowners were faced with the alternatives of FIG. 1. complying with the regulations or of having their vessels quarantined on arrival in American ports-with the consequent enormous loss on " demurrage." To fumigate the passenger accommodation with sulphur dioxide gas was held to be out of the question.
Apart from the cost of making good the damage which might ensue, the time which reconditioning would take was considered to render the use of this gas impracticable. The practical alternative was to use hydrogen cyanide, 11 12 Stock: Some Considerations on the Use of Hydrogen Cyanide which does not damage metal work, paint or fittings. Now the use of hydrogen cyanide for fumigation purposes is not a new process. For the last twentyfive years it has been used for the destruction of vermin in railway carriages in South Africa, and even in 1910 it was authorized as a fumigant in the United States quarantine regulations.
The great disadvantages of course are the deadly nature of the gas and the difficulty of enforcing safety regulations. Owing to its efficacy and quickness, however, the method was introduced into Germany during the war to fumigate flour mills which had become infested with weevil, and owing to the presence FIG. 2. of plague in the Mediterranean, it was used in Italy to fumigate vessels which had to be treated as rapidly as possible on account of the shortage of tonnage.
It will now be converient to refer to the main points in connexion with the generation and use of this gas. If required on a large scale it is usually generated by adding sodium cyanide, either in solid form or in solution, to a mixture of sulphuric acid and water held in a container placed either in the compartment to be fumigated or, as in the case of the Glen Liston apparatus, in a machine placed in the open air from which the gas passes through a pipe into the space to be dealt with.
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If solid sodium cyanide is used the correct amount may be placed in bags, which slightly retard the commencement of the reaction, and the bags are either dropped by hand, or lowered by a string into the mixture of acid and water. Another method is to place the cyanide in some form of tipping device which can be worked from a distance.
In the United States the fumigation of vessels is carried out by the Federal Quarantine Service and the method of "dumping" or lowering tbe solid cyanide into a container holding the sulphuric acid and water is the one most usually followed. Wooden barrels are used to contain the sulphuric acid and water and a type of barrel commonly used is shown in the photograph ( fig. 1, p. 11 ). FIG. 3. Such barrels are fitted with wire loops to which a rope can be attached if they have to be lowered into the holds.
In the next photograph ( fig. 2 ) a member of the fumigating staff is seen pouring sulphuric acid from a jar into a barrel. The barrel itself cannot be seen but is suspended just below the hatchway combing by the rope shown in the photograph.
In the next photograph ( fig. 3) fig. 9 ) a battery of funnels on for'ard " well " deck is shown. The operation of pouring is in progress and the pipes from funnels can be seen passing under tarpaulin at the corner of the hatchway.
Both methods have the disadvantage of requiring a considerable amount of time and labour to place the apparatus in position and to remove it after the fumigation is over. As far as ships are concerned, several marine superintendents with whom the question has been discussed would prefer to have the gas generated outside the ship and then passed, by means of a pipe, into the space to be dealt with. This principle is followed in the Glen Liston apparatus and in the generator designed by Dr. Grubbs, the medical officer in charge of the Quarantine Station at New York. Glen Liston's method is so FIG. 8. well known that any detailed description is unnecessary. The principle is to generate the gas in a machine placed in the open air and to circulate it by means of pipes through the compartment to be fumigated. The mixture of air and gas in the compartment is continuously circulated through the machine and gas is added to the air until the desired concentration has been obtained. In the next slide the apparatus is seen at work, first, from a distance looking down the side of the ship, and secondly, close up.
Each machine may be regarded as a unit capable of fumigating at one time an air space of about 60,000 cubic feet.
The Grubbs generator ( fig. 10 ) consists of two iron chambers, one above the other, lined with lead and fixed on a metal tray. Owing to the weight of F-E 2 18 Stock: Some Consider-ations on the Use of Hydrogen Cyanide the apparatus and the difficulties in handling, it can only be transported on the deck of a boat, adapted to the purpose. The slide shows the generator in position on the aft deck of one of the New York quarantine tugs. To operate this generator the correct amount of acid and water is first poured into the lower chambers. The valve between the upper and lower chambers is closed. The requisite amount of cyanide is then placed in the upper chamber and the lid clamped down. When everything is ready the charge is fired by opening the valve and letting the cyanide fall into the acid. The gas is forced by the pressure in the generator along a 1-in. armoured rubber hose-pipe into the FIG. 9. compartment to be fumigated. It is doubtful whether this form of generator has proved as satisfactory in practice as was hoped. Unfortunately there appears to be a limit to the size of the delivery-pipes, for if they are made too large the American experience is that difficulties in handling are so great as to render the use of barrels preferable.
Glen Liston in his machine aims at controlling the percentage of gas in the compartment under treatment, and his machines have been used most successfully in India for dealing with houses. He contends that when the ordinary dumping method is used the gas is evolved with almost explosive rapidity, that high, and therefore dangerous, concentrations are developed and that the gas is completely out of control. These contentions require further investigation, but there is no doubt that this type of apparatus offers many advantages. The disadvantages attaching to their use say, on a big ship-would resolve themselves largely into questions of transport and the difficulties of handling the pipes.
LIQUID HYDROGEN CYANIDE. Many of the troubles which arise in connexion with the handling of barrels, tipping devices, pipes, number of personnel required, &c., hardly occur when liquid hydrogen cyanide is used. This method is now being employed in this FIG. 10. country by the Mining Engineering Company of Sheffield, a firm undertaking the fumigation of ships.
The liquid hydrogen cyanide is obtained from America in steel cylinders, and the next slide shows one of the cylinders being hoisted on board a ship in the London docks. The cylinder is placed in some convenient position and portable metal containers which are used for distributing the liquid are then filled from the cylinder. The next slide (fig. 11, p. 20) shows the operation of filling a container in progress. In the next slide (fig. 12, p. If sufficient of the tarpaulin is turned back to enable the whole process to be watched, the fluid is seen issuing from the nozzles of the spraying pipe and then disappearing as a cloud of bluish-grey smoke which appears to sink to the bottom of the hold. As soon as the correct amount of liquid has been distributed the spray is removed, and there is neither any cumbersome rIG. 11. apparatus nor the residue left in " containers" to be dealt with after the fumigation is completed. The great drawback to the use of the method consists in the difficulties in connexion with the transportation of the big iron cylinders. In this connexion it may be of interest to mention that should a cylinder crack and the liquid be spilt in any position where it cannot immediately be flushed away with large quantities of water, it can be. rendered innocuous by setting it alight. It burns with a bluish flame, and apart from the possible danger of fire the products of combustion are harmless.
- The other compound-cyanogen chloride gas mixture-is claimed to be one of the most penetrating and toxic of all fumigants. It is generated on similar lines to the preparation of ordinary hydrogen cyanide by adding sodium cyanide, sodium chloride and talc to a mixture of hydrochloric acid and water. This fumigant is highly commended in the United States, and there is no question as to the effectiveness of the warning. It is intensely lachrymatory, FIG. 15. and it would be impossible for any human being, unless adequately protected with a mask, to penetrate any distance into an atmosphere charged with the gas. While this gas is stated to have no effect on paint work, it is believed, unfortunately, to have an effect on nickel, but sufficient experience is not available as to whether this action will negative its use for the treatment of first-class accommodation on passenger vessels.
It should also be remembered that one of the advantages attributed to hydrogen cyanide has been the absence of warning afforded to rats and other 23 24 Stock: Some Considerations on the Use of Hydrogen Cyanide vermin, and fears have been expressed that a lacrymal gas will lose much of this value. Whether under conditions of practical fumigation there is any real justification for these fears remains to be seen.
The next photograph illustrates an early stage in the process of ventilation. It was taken on the upper deck of a big transatlantic liner, whilst the temporary covering on one of the ventilators was being broken away in order to facilitate the escape of the gas from the deck below.
In the next (fig. 15, The public health authorities of the United States and of South Africa have criticized the classification of ships into " infected," " suspected " and "healthy" adopted in the present International Sanitary Convention. Cases are quoted to show that it is the " healthy " vessels from the plague-infected port and not necessarily the " infected " or " suspected " vessels which constitute a menace to the public health of the United States. The human case is stated to be largely of academic concern only, as the Quarantine Authorities attach relatively slight importance to such cases as a means of spreading plague, except in so far as they may indicate the source of rodent infection. According to these views the human case does not necessarily indicate an "infected" ship.
On the other hand the classification of a ship, from a plague-infected port which has taken no precautions for preventing access to rats, as " healthy " instead of "suspected," merely because there are no human cases on board or the rats have not been proved to be infected with plague, is held to be a defect.
Objection may also be raised to the absence of provision in the Convention requiring "lighters" in plague-infected ports to be periodically fumigated.
This is a matter of considerable practical importance to shipping in the East, where vessels in harbour frequently do not lie alongside a quay, and the work of loading or unloading is done with lighters. Possibly it is a matter better left to the discretion of thxe local authorities, but it will probably be one of increasing importance to shipping. As long as rats on ships are under suspicion Quarantine Authorities will press for their destruction, and it must be admitted that the use of hydrogen cyanide is a most effective means to this end.
Unfortunately fumigation with hydrogen cyanide is not free from hazard to human life, and it remains a question for consideration whether the periodic fumigation of ships is the most practical means and the least irksome to shipping and commerce to attain the end in view.
It is therefore of interest to note that in January last the Quarantine Regulations of the United States were revised, to allow the extension of the period of six months for the compulsory fumigation of vessels in the case of ships complying with the following conditions:-(1) Vessels constructed so as no# to favour or encourage the harbourage of rats.
(2) Vessels plying regularly between ports not infected with plague. (3) Vessels regularly carrying no cargo or cargo of such a nature or so packed or stowed to serve as rat food or rat refuge.
(4) Vessels which have been regularly certified as loadiug in stream from rat-free lighters or as complying with the regulations relative to fending off from docks, proper use of guards on lines and hawsers, raising or guarding of gangways and ladders and docking at rat-free docks or wharves.
The future policy of Quarantine Authorities will probably move on these 25 26 Stock: Some Considerations on the Use of Hydrogen Cyanide lines, and it is submitted that the interest of the naval architects should be secured on the general question of rendering vessels free from rat harbourage. The use of hydrogen cyanide as a fumigant is not, of course, confined to ships, and I cannot conclude these remarks without some reference to its employment on land frontiers.
The method has been used to a large extent, and with successful results, for the destruction of lice in clothing, in baggage and in railway carriages on the Russo-Polish border. In 1920 the local authorities in Warsaw constructed FIG. 17. a chamber or tunnel which could be hermetically closed, large enough to contain several railroad cars ( fig. 17) Cyanide chambers are also used at the Quarantine Station, New York. Cyklon has been used in a similar way at the frontier stations in Holland, and it is said to be particularly effective in destroying the eggs as well as the lice themselves.
In the time at my disposal it has only been possible to refer to some of the main points which are of interest to this Section, but I hope the photographs of the various methods in actual operation will be of greater interest than details which for the most part are available elsewhere.
DISCUSSION.
Dr. REECE (President) said that whatever chemical nlight be used the success of the fumigation would depend to a great extent on the care with which the vessel had been prepared for fumigation. It was necessary that persons engaged in the work of fumigation should have a comprehensive knowledge of ship construction, and when large vessels were dealt with the arrangements should be supervised by someone who had an intimate knowledge of the particular ship. It was quite an easy matter to lose one's way in a large ship which had six or seven decks one above the other. It had to be remembered that when once a ship had been battened down for fumigation any work that had then to be carried out in the interior must be done in darkness in narrow gangways and with the possibility of falling through an open hatchway. The liberation of large quantities of lethal gas after fumigation was another matter that needed consideration. He (the President) believed that the quantity of gas required for the complete fumigation of their largest liners was greater than the volume of gas used in any single gas attack on the Western Front during the war.
The reduction of rats on board ship was a public health problem of international importance, as risk of transference of plague from one country to another was lessened as the rats on ships were reduced in number. Fending off vessels from the sides of docks and quays and placing rat guards on mooring hawsers would not prevent rats gaining access to a ship. In all probability the greater number of rats found on ships bad been carried on board in cargoes. He imagined that a certain number of rats might always be intrpduced to ships in this manner. What was required was that ships should be so constructed that no harbourage nor breeding places for rats were afforded. At the present time ships were being built which were in effect rat-free ships. This had not resulted from any consideration of public health problems, but bad followed from the evolution in ship construction. It was possible to "rat proof " vessels very much on the same lines as buildings could be made rat proof on shore. He thought the solution of the problem of rat-carried plague infection would be found in improved ship construction, and if ship owners and those who were responsible for designing ships would give effect to such matters the repeated fumigation of ships for rat destruction, the associated danger to human life, the expense of the fumigation and the delay to ships with the consequent interference with trade, would all disappear proportionately and the risk of transference of ship-borne plague from one country to another would be reduced to a vanishing point. Dr. A. K. CHALMERS (Glasgow) said that Members of the Section had just heard a most comprehensive statement from Dr. Stock as to the questions which arose whenever the use of hydrocyanic acid gas as a means of fumigation came to be considered. Attention had most naturally been directed mainly to the methods of applying the gas. At this stage its distribution was under reasonable control, but on the completion of the process this control ceased and the gas was usually discharged into the atmosphere to be dispersed by the wind. It thus became of importance to consider, especially in crowded harbours, whether this discharge entailed any risk to adjacent shipping or to persons employed on the wharves. So far as his (Dr. Chalmers') limited experience had gone, there were two conditions which were capable of contrast, namely, the rapid discharge of the gas in considerable volume, which was possible when a large cargo steamer was under treatment; and the more limited and intermittent discharge which occurred when the ship in question was a passenger liner. In the latter case the discharge was through portholes, companion-ways, ventilators, &c. It occupied a longer time and, of course, a smaller volume of gas was discharged in each unit of time than when, as in a cargo steamer, large holds were uncovered by simply pulling a tarpaulin off them.
So far as he had seen, in the passenger liner, only those actually engaged on board in unsealing the ventilators and companion-ways were exposed to risk, but he was by no means sure that unsealing the holds of large traffic steamers would be equally innocuous in the conditions of a crowded harbour such as he had suggested. He considered it imperative that a certain distance between the ship under treatment and the adjacent ships as well as the wharf itself should intervene, although he was not at all clear as to what that distance should be. On one occasion a large steamer, berthed thirty feet behind a still larger steamer undergoing fumigation, experienced no inconvenience, although it was only right to say that the wind was in the opposite direction to that in which the steamer in question lay.
Dr. W. M. WILLOUGHBY (Port of London) considered that all the methods hitherto devised for cyanide fumigation involved the use of so much apparatus as to put the operation out of perspective with the object aimed at.
Cyanide methods raised a class of "high priests " in the matter of rat killing, whereas he had hoped that a domestic matter such as this would have been taken up by the shipping companies under the sulphur method with their own staffs, when the work of a Port Sanitary Authority would have been only supervision. A maximum effect in freeing ships of rats would be obtained by the enrolment of a maximum number of agencies.
Dr. Wade had shown that 0 5 per cent. sulphur dioxide killed rats: why, therefore, were we now using 3 lb. of sulphur for 1,000 cubic feet, an atmosphere of 383 per cent. sulphur dioxide ? Such an atmosphere damaged paint work and left an aromatic odour. Moreover it was unnecessary to disinfest where paint work and decoration was costly; rats did not usually frequent such parts of the ship. He (Dr. Willoughby) had carried out complete disinfestations with smaller percentages which had not damaged paintwork.
He thought that when the subject was worked out thoroughly, where rats only were the object of gas attack, the uses of cyanide would be very limited in ship disinfestation.
It would seem that the introduction of cyanide methods into England was due to the allowance made for a margin for imperfect procedure in the use of sulphur-and constituted an invitation to such imperfect procedure.
The application of cyanide did not permit of a leisurely survey of the ship which was under fumigation and of the deck search necessary on plague-infected ships.
Dr. C. F. WHITE (Assistant Port Medical Officer, Liverpool) said that the fumigation of ships with hydrogen cyanide in this country was first started because certain medical officers of the United States Public Health Service were unwilling to exempt from fumigation the first and second-class passenger accommodation of the large Atlantic liners, though the American Quarantine Regulations provided for such exemption. Dr. King, the United States medical officer in London, had given the lead in granting this exemption, and as his example had now been followed by the other American medical officers the use of hydrogen cyanide was no longer forced upon them, as all the sections of the ships now required to be fumigated could be exposed to sulphur dioxide gas without damage to paintwork, fittings, &c.
The prevention of the passage of rats between ships and the shore presented many difficulties. The breasting off of ships six feet from the quay added greatly to the cost of discharging and loading cargo, the standard rat-guard was effective only when accurately applied and undamaged, and the parcelling and tarring of ropes was unsatisfactory. Further, rats could jump ashore from ships with a low freeboard and were also carried between ship and shore in merchandise. Consequently adequate protection from the introduction of rodent plague depended, first, on the reduction of the Section of Epidemiology and State Medicine 29 numbers of rats in dock sheds and on quays by the elimination of rat harbourage and readily available food supplies, and, secondly, on the periodic fumigation of ships.
But he (Dr. White) did not consider it to be the duty of port medical officers rigidly to insist on one particular method of fumigation. Both sulphur dioxide and hydrogen cyanide were accepted as effective fumigants throughout the world and it was immaterial to the port medical officer which method was used provided that he was satisfied as to the efficiency of the fumigation. If a shipowner elected to use hydrogen cyanide it was the duty of the medical officer to render all possible assistance to secure efficiency and to safeguard human life. This entailed a great deal of work on the part of the staffs of port sanitary authorities. In Liverpool ten ships had been fumigated throughout with hydrogen cyanide, which had also been employed in partial fumigations on three other ships. In no case had there been either loss of life or even complaint of ill-effects from any person. This had only been achieved by the most careful supervision of every detail of the procedure by the medical officer and by trained inspectors of the port sanitary staff. Further, even after testing with animals had shown that no dangerous concentration of the gas remained, the medical officer did not sign the ship clear until he was satisfied by personal inspection that the hydrogen cyanide present was not sufficient to produce the slightest disagreeable sensation. This usually meant devoting the whole day to the fumigation, and as Saturdays and Sundays were usually chosen by the shipowners for fumigating, he felt his original enthusiasm for the cyanide method had somewhat diminished.
After a period during which cyanide fumigation appeared to be in abeyance in Liverpool certain shipping companies had again taken up the method, and contrary to the opinion of Dr. Willoughby, he felt confident that in the future hydrogen cyanide would gradually supplant sulphur dioxide as the routine fumigant in this country.
He agreed with Dr. Stock that the liquid hydrogen cyanide method appeared likely to prove the most efficient and the easiest in application; and in view of the probable extension of the use of hydrogen cyanide as a fumigant in this country, he thought that both the paper read by Dr. Stock and the very full report by Dr. Stock and Dr. Monier-Williams recently issued by the Ministry of Health were of the very greatest value.
Dr. ARNOLD CHAPLIN, in the course of his remarks, emphasized the great value of Dr. Stock's paper. From the shipowner's point of view, however, he was of opinion that the method of fumigation by hydrocyanic acid gas was not yet sufficiently freed from its dangers to permit of its being used with impunity. Until that position could be attained, he preferred the method of sulphur dioxide gas as a fumigant. No doubt in time some way would be found by which the method of fumigation by hydrocyanic acid gas could be rendered harmless to human beings, but he felt that that stage had not yet been reached.
Sir GEORGE BUCHANAN said that hydrocyanic gas fumigation on vessels must necessarily be a dangerous occupation, though no doubt the intrinsic danger differed according to the processes used. The fact that it was a dangerous occupation, however, did not in any way imply that it should not be utilized. Many other necessary trades and occupations had their special dangers. Cyanide fumigation ought to be applied by responsible persons acquainted with the risks and all the methods necessary to guard against them. If further study was necessary regarding the prevention of danger, physiologists, chemists, ships' architects and other specialists, who could contribute to the investigations, ought to be consulted. He did not think it was a drawback that cyanide fumigation of ships should be undertaken for profit by one or two responsible commercial firms. Those firms, from the nature of the case, would be on the look-out for all possible improvements, economies and methods of preventing danger, and they would have a trained staff.
It seemed sometimes to be thought that use of hydrocyanic gas for rat destruction on ships was the result of a sort of whim of the United States public health authorities. This was far from being the case. The extensive use of cyanide processes in the Italian port health service, in India and many other places should be realized, as also the large scale on which cyanide had been employed in connexion with Eastern 30 Stock: Some Considerations on the Use oJ Hydrogen Cyanide European epidemics. The efficiency of the gas as a means of destroying rats and, specially, insects did not need any further proof at this stage, and advantage ought to be taken of this fact in public health work wherever cyanide processes possessed practical advantages.
The International Sanitary Convention of 1912, which recommended periodic de-ratization of ships, had not insisted on any one process. In point of fact, at the date of that Convention the use of cyanide processes for rat destruction was very little developed. The intention of those who made the Convention was to deal with the continued spread of plague infection from port to port by means of the ship rat population, and to do this by means of a periodic overhaul of every ship in order to see whether it was infested with rats, and, if so, to get rid of them by any appropriate means. This, he (Sir George Buchanan) believed, was still the position taken by those who had been preparing the revision of the 1912 Convention. It was not intended that every ship, regardless of its character, structure, or condition in regard to rats, should be submitted for six months to a ritual of cyanide fumigation. The principle was that the ship should be overhauled at regular intervals, and that if there was evidence of rats, the most appropriate method should be used, whether burning sulphur or sulphur dioxide in cylinders, using rat catchers or fox terriers, or applying one or another form of cyanide treatment.
The application of cyanide fumigation on a huge scale in the case of some of the passenger ships going to America had perhaps been determined upon without full balancing of the necessities of the case. In this matter, however, they were learning by experience, and he thought the United States authorities had done a gcod service to public health by making all concerned give their serious attention to this process, which, in appropriate instances, seemed to offer such considerable advantages. Periodic fumigations, however, were not the only means which should be used to discourage the rodent pest on ships. In modern construction of iron and steel vessels many old-time rat harbours had been eliminated but there was still room for improvement in this respect. The construction of rat-proof wharves and warehouses reduced Section of Epidemiology and State Medicine 31 the opportunities for rat infestation of vessels, and it was quite possible that with the development of these and similar phases of the general fight against rats, the frequency of the de-ratization of ships might be lessened.
Dr. STOCK (in reply) said that in view of the lateness of the hour he must reply as shortly as possible.
He agreed with the remarks of the President. If foreign ports were kept free from rats, and vessels were designed and constructed so as neither to favour nor encourage the harbourage of rats, the need for fumigation would only occasionally arise. The question of rendering vessels " rat-proof," however, was one in which the interest and co-operation of naval architects must be secured. When fumigation was necessary the best method to adopt could only be decided upon after all the various factors had been taken into account. Most port health officers were agreed that the best time to fumigate a vessel was after discharge of cargo, and he thought that Dr. Willoughby had, perhaps, the empty cargo-carrying vessel especially in mind when stressing the sulphur method. If this was so, he agreed with Dr. Willoughby that fumigation with sulphur might be a good routine measure to adopt, but on the other hand, the empty cargo vessel was the class of ship on which the fewest difficulties were encountered if cyanide were used. Leaving aside the question of the large passenger vessel, the situation might arise where it was desirable, or even essential, to fumigate a loaded vessel. Under such circumstances the use of sulphur might result in most serious damage to cargo, damage which could be avoided by the use of hydrogen cyanide. He thought Sir George Buchanan had summarized very clearly what one might term the "international opinion." It must also be remembered that the use of cyanide was by no means con'fined to the destruction of rats, and in quarantine work was widely used for other purposes, e.g., for the fumigation of plants, for which sulphur was quite unsuitable.
The point raised by Dr. Chalmers was important, and had caused him (the speaker) some little anxiety on the first occasion that a huge vessel like the s.s. Majestic was fumigated. He thought that it was always a wise precaution to keep the dockside clear of people, and the American practice was not to fumigate a vessel with cyanide if she was lying alongside another that had anybody on board. On the other hand he had been unable to trace any record of any accident being occasioned in this way. Owing to the rapidity with which the gas diffused in the open air, hydrogen cyanide had been found useless for the purposes of gas warfare, and he doubted whether the gas, escaping from a vessel under ventilation, could be a serious danger. A question had been asked as to the best form of gas-mask but he did not think he could add anything to what Dr. Monier-Williams and himself had already stated in their preliminary report. Dr. Woolff of Amsterdam, however, had published the results of some tests he had carried out on the box form of respirator. The " box " was filled with the special filtering material for cyklon and by connecting one side of the box to a flask containing cyklon and the other to a flask in which a mouse and strips of paper moistened with copper benzidine acetate solution had been placed and then driving a current of air through, Dr. Woolff had come to the conclusion that even with the oldest filling a man using a " box " respirator could breathe for over an hour without noticing the presence of cyklon. In regard to rat guards he agreed with the rema,rks that had been made, but confessed that he was disappointed that the " electric " rat guard had not yet been tried in this country. The whole question was full of interest, and many points required further investigation. Gases did not always diffuse as one might expect them to do, but he hoped that Dr. Monier-Williams and himself would have an opportunity later on of carrying out some of the investigations they had planned, more particularly in regard to the manner in which gases diffused in the interior of a ship and the question of " pocketing."
